The aim of the present study was to characterize some physical and chemical properties of kurdistan honey samples (n = 14). Physicochemical parameters, such as pH, Electrical conductivity (EC), colour intensity (ABS450), density, specific gravity, ash content, 5-hydroxylmethylfurfural (HMF), total soluble solids, moisture content, soluble sugars (%Brix) and mineral content were measured and compared with standard properties of honeys from international honey commission as reference. Mean values obtained for physicochemical parameters were: PH; 3.49 and 4.70, EC; 238 to 662 μS/cm, ABS450; 190 to 782 mAU, density; 1.403 -1.48 g/cm3, specific gravity; 1.40-1.47, ash content; 0.054% to 0.297%, HMF; 17.97-45.07 mg/kg, total soluble solids; 82.5 to 86.1%, moisture content; 13.9 to 16.7% and Brix sugar; 80.5 to 84.5%. Potassium was the major mineral in all honey samples (7702.5 mg/kg). All the samples did not show any considerable significant variations with reference to their physical and chemical properties.
Introduction
Honey is the natural sweet product produced by Apis mellifera bees from nectar of plants (nectar honey), from secretions of livings parts of plants or excretions of plant-sucking insects of the living part of plants (honeydew honey) [1] . This natural complex foodstuff is produced in almost every country and largely used as food source. Honey cannot be considered a complete food by human nutritional standards, but it offers potential as a dietary supplement. Honey mainly contains simple sugars or monosaccharides [of which fructose and glucose are the main components (65%)] and approximately 18% water. Proteins flavour and aroma, phenolic compounds (phenolic acids and flavonoids), free amino acids, organics acids, vitamins and minerals constitute minor components of honeys [2] . Traditionally it used for centuries as a medicine for treating various ailments and Honey is a beneficial food for sick people because it contains antioxidant, bacteriostatic, antiinflammatory, antimicrobial properties. Honey commercially available varies greatly in quality all over the world; this is largely assessed on the basis of colour, flavour and density [3] . Honey composition is influenced by the plant species, climate, environmental conditions and the contribution of the beekeeper. In general, honey is either monofloral or multifloral depending on the source of the plant [4, 5] . The criteria for ensuring quality honey have been specified by the EC Directive. The major criteria are moisture content, electrical conductivity, ash content, reducing and non-reducing sugars, free acidity, diastase activity and HMF content [6, 7] . In this study a number of Analytical methods have been used for determining the quality of honey in Kurdistan region such as such as pH, Electrical conductivity (EC), colour intensity (ABS450), density, specific gravity, ash content, 5-hydroxylmethylfurfural (HMF), total soluble solids, moisture content, soluble sugars (%Brix) and mineral content.
Methods

Sample collection
The present study was performed on fourteen local samples from different cities and towns (i.e.,(1) khalifan, (2) sharbazher, (3) Kirkuk (4) Halabja (5) dohuck (6) Penjwen (7) Piramagroon (8) kalar (9) saidsadg (10) akre (11) dukan (12) qaradax (13) haji omaran (14) hawler) in Kurdistan region that collected randomly from ( July to September -2018). All tests were performed after seven or less than seven months of collection; all samples were collected in glass and plastic bottles and stored in the laboratory at room temperature.
Determination of PH
PH
measurements were performed potentiometricaly a 20ºC using a pH-meter Sartorius Professional Meter PP-15 (Sartorius Ag, Goettingen, Germany) in Honey samples diluted with freshly deionized water, ranging from 10% to 100% (w/v) [1] . The PH was measured using a digital PH-meter which was calibrated at room temperature using buffer solution at PH 4 and 7. To ensure accurate PH measurement, the instrument was calibrated every time before and after use for any possible loss of sensibility.
Determination of the Electrical conductivity (EC)
It is very easy and quick method, needing only inexpensive instrumentation. (40 mL) of (0.1 M) potassium chloride solution was added to a beaker and the cell immersed in the solution together with a thermometer, this is used to calibrate the instrument, electrical conductivity was determined by measuring (2g) of dry honey sample and dissolved in (100 mL) of distilled water by electrical conductivity meter. It is sufficient to prepare a (50%) solution of honey, and then immersed the lip of electrode to each solution to read the conductivity of distilled water according to the IHC method for honey the result is expressed in micro Siemens per centimeter (μS/cm). [1] .
Determination of Colour intensity
The net absorbance (ABS450) of the honey samples was determined by spectrophotometric method [8] , each honey samples (5gm) were diluted in (50 mL) of distilled water (50% (w/v) solution). left it in water bath at (45-50oC ) for 30 minutes, the solution was filtered through a 0.45 μm filter. The absorbance was measured using a UV-Vis spectrophotometer at 450 nm and 720 nm and the difference in absorbance was expressed as mAU.
Determination of Density and Specific Gravity;
The pycnometry method was used to determine the density of the honey sample using the expression below:
( )
Where (W1) = mass of the empty pycnometer and (W2)= mass of the filled pycnometer. All honey samples were heated at (50oC) for 30 min to become less viscous and easy to pour into the pycnometer. [9] .
Specific gravity was obtained as the ratio of the weight of sample to that of equal volume of water [3] .
Where (WSP) = weight of sample + pycnometer.
(WWP) = weight of water + pycnometer. (WP) = weight of pycnometer.
Determination of Ash Content
Ash was indirectly determined using the measured electrical conductivity and applying the following equation: [10] X1 = (X2 -0.143)/1.743, were: X1 = ash value; X2 = electrical conductivity in μS/cm at 20ºC.
Determination of 5-Hydroxymethylfurfural (HMF)
The measurement of HMF content in honey samples is depending on the UV-Vis spectrophotometric method at 284 nm and 336 nm. To prohibit the matrix effect at those two wave length the difference between the absorbance of a clear aqueous honey solution (sample solution) and the reference solution (same solution after the addition of bisulfite) is determined. Dissolve (5 g) in 25 mL of distilled water in a beaker and transfer it to the (50 mL) Volumetric flask (transfer the solution between beaker and volumetric flask several times to complete transfer of solution to Volumetric flask). Pour (0.5 mL) of carrez solution I and premix then pipet (0.5 mL) of carrez solution I and mix. Complete the solution to (50 mL) and add one drop of methanol to suppress foam. Filter the solution through filter paper and decline first ( 
Determination of total soluble solids, moisture content and soluble sugars (%Brix)
Refractometric method was used to determine the moisture, or conversely the soluble solids in honey as previously described by the International Honey Commission [12] . This was done by measuring the refractive index of honey using an Abbe refractometer thermostated at 20ºC, and regularly calibrated with distilled water. This method is based on the principle that refractive index increases with solid content. The homogenized sample was put in a flask and placed in a water bath at 50°C until all the sugar crystals were dissolved. The resulting solution was cooled to room temperature, stirred and immediately covered evenly on the surface of the refractometer prism. After two minutes, the refractive index was recorded by the refractometer. Each sample was measured three times and the average value taken. After each reading the refractometer prism was cleaned using distilled water. Moisture content and soluble solids were obtained from the refractive index of the honey by making reference to a standard table. Soluble sugars (% Brix) were similarly obtained from the refractive index of the honey by making reference to the standard table [12] .
Determination of heavy metals (minerals)
Elemental analysis was done using inductively coupled plasma (ICP-OES) to measure the amount and type of metal in Kurdistan honey samples. (5 ML) of (0.1 N) HNO3 was added to the resultant ash (as produced according to the above procedure) the solution was heated with continuous stirring to complete dryness, (10 ML) of the same acid was added again and complete it to (25 ML) by distilled water. These solutions must be kept in plastic bottles until read it on ICP instrument. [13] .
Result and discussion PH Value
Honey is naturally acidic irrespective of its geographical origin, which may be due to the presence of organic acids that contribute to its flavor and its stability against microbial spoilage. The pH of honey samples is important during the extraction process because it affects the texture of honey as well as its stability and shelf life [10] . All of the tested kurdistan honey samples were acidic in nature, with pH values that varied between 3.57 and 3.74 (Table 1) . These values were similar to those previously reported for other honey samples from India, Brazil, Spain and Turkey, which were reported to have PHs between 3.49 and 4.70. [14] [15] [16] .
A highly acidic honey sample indicates the possible fermentation of sugars into organic acids. None of the investigated samples exceeded the allowed limit, which may be considered as an index of freshness of all honey samples.
Electrical Conductivity (EC)
Conductivity is defined as the indication of ionizable acids and compounds in aqueous solution. The electrical conductivity of honey samples depend on the content of inorganic salts organic acids, proteins, complex sugar's and mineral contents in the sample, this measurement has linear relation with ash and acid content of samples, the higher the ash content, the high the resulting conductivity. Conductivity of all samples was ranged from 238 to 662 μS/cm with the average 378.1 μS/cm. The darker honey samples have high conductance and inversely for light honey samples. [17] . these values are below the maximum limit indicated by the international regulations of quality for nectar honey (800 μS/cm) [18] , as shown in Table 1 .
Colour intensity
The colour intensity (ABS450) is supposed to be related to pigments (carotenoids, flavonoids, etc.), which are also known to have antioxidant properties [19] .
The ABS450 values for the samples ranged from 190 to 782 mAU ( Table 1 ). The results showed that there is no significant difference between studied types of honey in colour intensity. Saudi honey, which showed the highest colour intensity (722.67 mAU) followed by Kashmiri honey (658.67) and Egyptian honey (414.00 mAU), while Yemeni honey showed the lowest colour intensity (246.67 mAU). Higher colour intensity values indicate the higher content of phenolic compounds and flavonoids [20] .
Density
The density values for the honey samples investigated ranged from 1.403 -1.48 g/cm3 with mean of 1.433 g/cm3. There was no significant difference in the honey samples. These values were similar to those previously reported for other honey samples from Nigeria (1.3-1.51 g/cm3) [21] .
Specific gravity (SpGr)
The specific gravity of honey is the ratio of weight of honey to the weight of the same volume of water. Specific gravity also termed as relative density, these depends on temperature and moisture content. The specific gravity values obtained ranged from 1.40-1.47, with the mean of 1.43. There was no significant difference in the values of honey samples obtained from normal data (1.35-1.44) [22] . There were little variations in the specific gravity values in the honey sample number 2 and 11. The variation in the specific gravity might be due to variation in the chemical composition [23] . The specific gravity property of honey has not been legislated by the European legislation [24] .
Ash content
Ash content of honey samples identification the mineral concentration and the resulting electrical conductivity are important parameters in determining the botanical origin of the samples, ash content is the amount of inorganic noncombustible residue after the combustion of honeys at high temperature, ash content of these samples are between 0.054% to 0.297% with the average indicating clearness of honey samples. Normally honey has low ash content and varies from one sample to another depending on the material collected by bees during foraging. [25] .
5-Hydroxymethylfurfural (HMF)
5-Hydroxymethylfurfural (HMF) content is an indicator of the purity of honey. High concentrations of HMF in honey indicate overheating, poor storage conditions and old honey [26] . The HMF formation results from the acid-catalyzed dehydration of hexose sugars with fructose being particularly susceptible. Fructose is reportedly unstable at pH 4.6 and is five times more reactive than glucose [27] . Furthermore, HMF is present in trace amounts in fresh honey and its concentration has been increased with storage and the prolonged heating of the honey. Tropical Climate is another factor affect HMF level in which hot weather can increase the HMF. So this parameter is essential for the indication of the purity and the quality of honey [26] . HMF content in this research ranged from 17.97-45.07 mg/kg. This is within the allowed maximum limit of 40 mg/kg as recommended by the Turkish Alimentarus Codex [28] for honey samples. These results are in contradiction to those reported by Lagrange and Sanders (1988) [29] , which stated that honey samples produced from countries with subtropical climates, have high HMF concentrations that generally exceeded 40 mg/kg. with exception for sample number six which recorded high value of HMF (45.07 mg/kg) ( Table 1) , this is due to the fact that this sample may be stored for more than 24 months. [26] .
Total soluble solids
Total soluble solid is a measure of dissolved solids in the honey samples. The results of the total soluble solids are presented in Figure 4 . The total soluble solids of the honey ranged from 82.5 to 86.1% ( Table 2) . For all the honey samples, total soluble solids were generally more than 80% and can be considered of high grade and highly stable upon storage. On the other hand, honey with less than 80% soluble solids is likely to ferment during storage. According of the grading system of the United States Department of Agriculture (USDA), honey with total soluble solids greater or equal to 81.4% is considered of higher grade (A and B), while that falling between 80% and 81.3% is considered to be of lower grade C [30] . Thus, the honey investigated in this study can be considered stable with regard to fermentation upon storage and thus of high grade.
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Total soluble solids
Total soluble solid is a measure of dissolved solids in the honey samples. The results of the total soluble solids are presented in Figure 4 . The total soluble solids of the honey ranged from 82.5 to 86.1% ( Table 2 ). For all the honey samples, total soluble solids were generally more than 80% and can be considered of high grade and highly stable upon storage. On the other hand, honey with less than 80% soluble solids is likely to ferment during storage. According of the grading system of the United States Department of Agriculture (USDA), honey with total soluble solids greater or equal to 81.4% is considered of higher grade (A and B) , while that falling between 80% and 81.3% is considered to be of lower grade C [30] . Thus, the honey investigated in this study can be considered stable with regard to fermentation upon storage and thus of high grade.
Moisture content
Moisture is a quality parameter related to honey shelf life. In general, the percentage of water in honey is suitable when the storage cells are totally capped with beeswax. [31] . The moisture content of the honey samples from fourteen different cities types ranged from 13.9 to 16.7% (Table 2) . Normally, honey moisture ranges between 13 and 25% [32] . Furthermore, the moisture content of all the samples was below 21% as specified by the Codex Alimentarius Commission and the European Union standards [33] . The low moisture content observed may have been due to the increase in sugar content of the samples as the harvest season was dry with low humidity. An increase in the moisture content of honey is an indicator of adulteration [30] and, therefore, the values obtained from this study showed that the honey was of good quality with regard to the moisture content.
Soluble sugars (%Brix)
Soluble sugars or %Brix (directly related with sugar content) may be a reliable index of adulteration. The analysed samples presented %Brix without significant differences, ranging from 80.5 to 84.5% (Table 2) , which are similar to those from others geographical locations [1] . All the honey samples had soluble sugars greater than 80%. The findings in this study on soluble sugars are in agreement with Salim [34] . who reported soluble sugar levels of between 80.7 and 84.7% for honey harvested from the central region of Algeria. The Brix results obtained in the current study suggest that the honey samples used in the present study are most likely unadulterated.
Mineral content
Honey is primarily a carbohydrate product, but it content same organic and inorganic substances as well as trace elements, so minerals are minor constituents of honey. The types of these minerals in in honey samples is mentioned to the kind of raw floral materials which are collected by bees, metal concentration in different kinds of honey sample based mostly on the elemental composition of flowers, with relate to their botanical and geographical origin [35] . The results of minerals determined in honey samples are summarized in [36] . some of the results of mineral contents of honey used in the experiment show minor differences when compared with the literature [37] . These differences might be due to geographical variations and analytical procedures [36] .
Conclusion
This study aimed to investigate and evaluate a physicochemical characterization of different honey samples from different origins to confirm its economical and nutritional quality. There are no significant differences in most of the physicochemical parameters between all studied samples of honey. Changes in some parameters might be attributed to the beekeeper's interventions and different ways of handling the combs such as using of old honeycombs, contact with metals and exposure to either high temperatures or light. All investigated types of honey were acidic and were within the standard limit that indicates freshness of all investigated samples. All studied types of honey were within the standard limit of moisture content (< 20%), which can elevate the honey ability to resist fermentation and granulation and promote longer shelf life during storage. Ash content of all samples was in acceptable range. There is a linear relationship between the ash content and the electrical conductivity (EC), while there were no significant differences between examined samples. The high sugar content of the investigated honey samples could be attributed to its high acidity and low moisture content, which inhibits the formation of Hydroxy methyl Furfural (HMF) from sugars, especially glucose and fructose. Finally the present study concludes that, the quality and physicochemical properties of honey were varied based on the geographical and botanical origins, handling, transportation and storage conditions. 
